A Determination of The Decomposition Potential of Sulfamic Acid and Certain of Its Metallic Salts by Shell, Francis J.
Fort Hays State University 
FHSU Scholars Repository 
Master's Theses Graduate School 
Summer 1949 
A Determination of The Decomposition Potential of Sulfamic Acid 
and Certain of Its Metallic Salts 
Francis J. Shell 
Fort Hays Kansas State College 
Follow this and additional works at: https://scholars.fhsu.edu/theses 
 Part of the Chemistry Commons 
Recommended Citation 
Shell, Francis J., "A Determination of The Decomposition Potential of Sulfamic Acid and Certain of Its 
Metallic Salts" (1949). Master's Theses. 431. 
https://scholars.fhsu.edu/theses/431 
This Thesis is brought to you for free and open access by the Graduate School at FHSU Scholars Repository. It has 
been accepted for inclusion in Master's Theses by an authorized administrator of FHSU Scholars Repository. 
A DETERMINATION OF TEE DECOMPOSITION POTENTIAL 
OF SULFA11IC ACID AND CERTAIN OF ITS METALLIC SALTS 
being 
A thesis presented to the Graduate Faculty 
of the Fort Hays Kansas state College in 
partial fulfillment of the requirements f or 
the Degree of Master of Science 
by 
Francis J. Shell, A. B. ,,.,..... 
Fort Hays Kansas State College 




The writer wishes to acknowledge his indebtedness 
to the Chemistry Staff of Fort Hays Kansas State College 
and especially to Dr. Harold s. Choguill, under whose 
direction this thesis was prepared, for their helpful 
suggesti~Es and constructive criticisms. Acknowledgment 
must be made to Dr. F.B. Streeter for his advice and 
willing cooperation at all time and to the Physics Depart-
ment for its loan of special equipment. Special acknowl-
edgments are in order for Mr. Edmond Morin for his tedious 
and time-consuming work in preparing the metallic salts 
used in this investigation and for Mr s. Frank Shell for 
her efforts in typing this thesis . 
ii 
TABLE OF CONTENTS 
PAGE 
INTRODUCTION. . . l 
TEEORY .AND METHOD OF STUDY 3 
EXPERIMENTAL. . . . . 15 
General • • 15 
Sulfamic Acid. . . • 17 
Cadmium Sulfamate . • . . . . 39 
Cobalt sulfamate . . . . 65 
Copper Sulfa.mate . . • . . 85 
Nickel Sulfamate . . . . 104 
CONCLUSIONS. • 130 
BIBLIOGRAPHY . . . . • 132 
iii 
LIST OF TABLES 
TABLE PAGE 
I. Decomposition Potential Data for 1 M 
sulfamic Acid • . . . . . . . . . . . . . . 21 
II. Decomposition Potential Data for 0.1 M 
Sulf 8.IJJ.ic Acid . . . . . . . . . . . . . . • 27 
III. Decomposition Potential Data for 0.01 M 
Sulf amic Acid . . . . . . . . . . . . . . • 33 
IV. Decomposition Potential Data for 0.1 M 
Cadmium Sulfamate • . . . . . . . . . . . • 41 
v. Decomposition Potential Data for 0.05 M 
Cadmium. Sulfamate . . . . . . . . . . . . . 53 
VI. Decomposition Potential Data for 0.01 M 
Cadmium. Sulfamate . . . . . . . . . . . . . 59 
VII. Decomposition Potential Data for 0.1 M 
Cobalt Sulfama te . . . . . . . . . . . 67 
VIII. Decomposition Potential Data for 0.05 M 
Cobalt sulfamate . . . . . . . . . . . . . 73 
IX. Decomposition Potential Data for 0.01 M 
Cobalt Sulfamate . . . . . . . . . . • 79 
x. Decomposition Potential Data for 0.1 M 
Copper Sulfamate . . . . . . . . . . . . . 86 
XI. Decomposition Potential Data for\ 0.05 M 
Copper Sulfamate . . . . . . . . . • . . • 92 
iv 
LIST OF TABLES (continued) 
TABLE PAGE 
XII. Decomposition Potential Data for 0.01 M 
Copper Sulfamate . . . . . . . . . 98 
XIII. Decomposition Potential Data for 0.1 M 
Nickel Sulfa.mate . . . . . . . . . . . . • 106 
XIV. Decomposition Potential Data for 0.05 M 
Nickel Sulfamate . . . . . . . . . . . . . 118 
xv. Decomposition Potential Data for 0.01 M 
Nickel Sulfamate . . . . . . . . . . • 124 
V 
LIST OF FIGURES 
FIGURE PAGE 
1. Decomposition Potential Apparatus . . . . . . . 8 
2. Typical Current-Applied Potential Curve . . . • 9 
3. Anodic Passivity . . . . . . . . . . . . . . . 13 
4. Apparatus Used • . . . . . . • . . . . . . . • 16 
5. Current-Applied Potential curve for 1 M 
Sul-f amic Acid Trial A • . . • . • . . . . • • 23 
6. Current-Applied Potential Curve for lM 
Sulfam.ic Acid Trial B . . • . . . . . . . . • 26 
7. Current-Applied Potential Curve for 0.1 M 
Sulfamic Acid Trial A • • . • . . . . . . • • 29 
8. Current-Applied Potential Curve for 0.1 M 
Sulfamic Acid Trial B • . . . . . . . . . . . 32 
9. Current-Applied Potential curve for 0.01 M 
Sulfamic Acid Trial A . . . . . . . . • . . • 35 
10. Current-Applied Potential Curve for 0.01 M 
Sulfam.ic Acid Trial B . . . . . . . . . . . • 38 
11. Current-Applied Potential Curve for 0.1 M 
Cadmium Sulfamate Trial A • . . . . . . . 43 
12. Current-Applied Potential Curve for 0.1 M 
Cadmium Sulfamate Trial B • . . . . . . . . • 46 
13. Current-Applied Potential Curve fo± 0.1 M 
Cadmium Sulfamate Trial C . . . . . . . . . . 49 
vi 
LIST OF FIGURES ( continued) 
FIGURE PAGE 
14. current-.Applied Potential curve for 0.1 M 
Cadmium Sulfamate Trial D . . • . . . . . . • 52 
15. Current-Applied Potential Curve for 0.05 M 
Cadmium Sulfamate Trial A . . . • . . . . . . 55 
16. Current-Applied Potential Curve for 0.05 M 
Cadmium Sulfamate Trial B • . . . . . . . . • 58 
17. Current-Applied Potential Curve for 0.01 M 
Cadmium Sulfamate Trial A • . . . . . . . . • 61 
18. Current-Applied Potential curve for 0.01 M 
Cadmium Sulfamate Trial B • . • • . . . . . • 64 
19. Current-Applied Potential curve for 0.1 M 
Cobalt Sulfam.ate Trial A. . . . . . . . . . 69 
20. Current-Applied Potential Curve for O.l M 
Cobalt Sulfamate Trial B • . . . . . . . . . 72 
21. Current-Applied Potential curve for 0.05 M 
Cobalt SUlfamate Trial A . . . . . . . . . . 75 
22. Current-Applied Potential curve for 0.05 M 
Cobalt Sulfamate Trial B . . . . . . . . . • 78 
23. Current-Applied Potential Curve for 0.01 M 
Cobalt Sulfamate Trial A . . . . . . . . . • 81 
24. Current-Applied Potential Curve fo1 0.01 M 
Cobalt Sulfamate Trial B • • . . . • . . • . 84 
vii 
LIST OF FIGURES ( continued) 
FIGURE PAGE 
25. Current-Applied Potential Curve for 0.1 M 
Copper Sulfamate Trial A • . . . . . . . . • 88 
26. Current-Applied Potential Curve for 0.1 M 
Copper Sulfamate Trial B . . . . . . . . • • 91 
27. Current-Applied Potential curve for 0.05 M 
Copper Sulfam.ate Trial A . . . . . . . . . . 94 
28. Current-Applied Potential Curve for 0.05 M 
Copper Sulfamate Trial B . . • . . . . . . . 97 
29. current-Applied Potential curve for 0.01 M 
Copper sulfamate Trial A . . . . . . . . . . 100 
30. Current-Applied Potential Curve for 0.01 M 
Copper Sulfamate Trial B . . . . . . . . . • 103 
.31. Current-Applied Potential Curve for 0.1 M 
Nickel Sulfa.mate Trial A . . . . . . . . . . 108 
32. Current-Applied Potential curve for 0.1 M 
Nickel Sulfarnate Trial B. . . . . . . . . . 111 
.3.3. Current-Applied Potential Curve for 0.1 M 
Nickel Sulfam.ate Trial C . . . . . . . . • . 114 
34. Current-Applied Potential curve for O.l M 
· Nickel Sulfamate Trial D . . • . . . . . . • 117 
35. Current-Applied Potential curve fo~ 0.05 M 
Nickel Sulfamate Trial A • . . . . . . . . • 120 
viii 
LIST OF FIGURES (continued) 
FIGURE PAGE 
36. Current-Applied Potential Curve for 0.05 M 
Nickel Sulfamate Trial B •••••••• 
37. Current-Applied Potential curve for 0.01 M 
Nickel Sulfama.te Trial A •••••••• 
38. Current-Applied Potential Curve for 0.01 M 








LIST OF SYMBOLS 
E potential, voltage 











The present investigation of decomposition potentials, 
or the potential where continuous electrolysis begins, was 
suggested by a paper by Choguill (5) on the electrode-
position of some metals from solutions of their sul f a.mates. 
Sulfamic acid or amidosulfonic acid H2N•So2.oH is a strong 
inorganic acid obtained from chlorosulfonic acid and ammon-
ia, or by heating urea with fuming sulfuric acid. The 
la t ter process is now used on a commercial scale. The acid 
forms white or colorless non-hygroscopic crystals t hat are 
stable when dry but in solution at elevated temperatures 
it slowly hydrolyzes f orming ammonium. bisulfate. 
Sulfamic acid is i nsoluble in hydrocarbons, chlor-
inated hydrocarbons, carbon disulfide, and sulfur dioxide. 
The solubility of sulfamic acid in water i s decreased by 
the presence of sulfuric acid or sodi um sulf ate. It is 
practically insoluble in 70-100 per cent sul f uric aci d. 
Sulfamic acid is highly ionized i n aqueous solut ion 
as indicated by t he pH - concen tration curve whi ch fall s 
almost equidistant between similar curves for hydr ochloric 
acid and phosphoric acid. Obviously s olutions of t he acid 
also show high conductance (6). 
Sulfam.ic acid reacts readily with \ basic metallic 
oxides, hydroxides, and carbonate s in cold solutions to 
give the corresponding sulfam.ate salts. Am.photeric or 
2 
acidic metallic oxides react less readily or not at all. 
Compounds containing basic amino groups likewise react to 
form salts of sulfamic acid. All known salts of sulfamic 
acid, with the single exception of a basic mercury salt, 
are quite soluble in water. For additional information on 
the properties and uses of the sulfa.mates and a rather ex-
tensive re~1ew of literature on this subject see Cupery 
(6) and Gordon and Cupery (11). 
For the present investigation sulfamic acid was 
chosen for the initial trials because it was t he most 
abundant sulfamate present for investigation and because 
the decomposition potentials of acids have been more 
thoroughly investigated t han any other type of electro-
lyte. The cadmium, cobalt, copper, and nickel salts of 
sulfamic acid were chosen because the y are quite appli-
cable to the processes of electrolysis and because they 
were the only available metallic sulfamates . 
\ 
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THEORY AND METHOD OF STUDY 
The passing of a current through an electrolytic 
conductor with all the accompaning chemical and migra tory 
changes is called electrolysis. The mechanism of electro-
lysis may be summarized by saying that, (a) electrons enter 
and leave the solution through chemical changes occurring 
at the electrodes, and {b} electrons pass through the 
solution by migration of ions (16). In this work we shall 
be interested in the first aspect of electrolysis, that 
of the exchange of electrons at the electrodes. The 
principles of electrolysis were employed in the quanti-
tative separation of metals as early as 1864 by Wol cott 
Gibbs but it was not until M. Le Blanc reported his work 
on decomposition potentials in 1893 that t he theoretical 
basis of the separation became clear (9). 
Products of electrolysis convert even inert elec-
trodes ·into active electrodes which can exercise a back emf. 
Since even inert electrodes are converted on electrolysis 
into active electrodes with back emf, it becomes necessary 
to determine the minimum voltage required to produce con-
tinuous electrolysis of an electrolyte. This minimum volt-
age is called the decomposition potential of an electro-
lyte and can be defined as the addition ~ f the effects of 
chemical polarization, concentration polarization, and 
overvoltage. 
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The simplest kind of an electrolytic cell is one 
consisting of an electrolyte of uniform composition and 
concentration with an anode and a cathode just alike, made 
of noble metal such as platinum and reversible with re-
spect to one of the ions of the electrolyte. Under t hese 
conditrons when no current is flowing there should be no 
potential urop across the electrodes. When a current is 
passed through the cell, concentration changes occur at the 
electrodes and, as a result of these, a back emf is built 
up which opposes the current tha t produced the changes 
and, therefore, constitutes polarization of the type called 
concentration polarization (l}. 
Chemical polarization is a back emf due to a change 
in the nature of one or both of the electrodes caused by 
the passage of a current through the cell (3}. 
The overvoltage, or overpotential of an electro-
lyte may be defined as the difference be t ween t he poten-
tial of an electrode (a} at which the reaction is activel y 
taking place and another electrode (b} which is at the 
e quilibrium potential for the same reaction. Some authors 
employ the term in a more restricted sense. That is, 
they define overvoltage as a polarization potential whose 
source lies in some process at the elect~ode which takes 
place irreversibly, and is thus a phenomenon intimately 
associated with the nature of the electrode and the 
processes occurring at its surface. The most important 
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and most investigated case of overvoltage is that connected 
with hydrogen. Hydrogen overvoltage is the difference 
between the potential of a reversible hydrogen electrode 
and the potential of an electrode at which the reaction 
2 r/f 2e- ,H2 
is proceeding with the production of finite amowits of 
molecular hydrogen. If the reaction takes place revers-
ibly there is, of course, no overvoltage. Actually more 
or less overvoltage is always found if appreciable 
current is flowing. The large values of overvoltage so 
far reported are limited to reactions involving the 
evolution of the gases: hydrogen, oxygen, and chlorine. 
Although there is no consensus of opinions as to 
the cause of overvoltage, i ts existence helps to explain 
a number of electrochemical phenomena. Thus if the (usu-
ally comparatively small) effect of ion activities is 
ignored, any metal above hydrogen in the electromotive 
series should react, in an acid solution, with the evolu-
tion of hydrogen gas. Actually, as is well-known, the 
metals, from zinc downward in the series, if moderately 
pure, react comparatively slowly in acid solutions. For 
instance, if a piece of pure zinc is placed in dilute 
sulfuric acid the reaction \ 
6 
takes place very slowly. The reaction can be greatly 
accelerated by the addition of small amounts of copper or 
platinum salts. The results of this addition are the pre-
cipitation of copper or platinum at points on the surface 
of the zinc, and an immediate and great increase in the 
velocity of evolution of the hydrogen. The usual explan-
ation is that the particles of the foreign element serve 
as cathodes in small, short-circuited galvanic cells. 
This is a necessary but incomplete part of the explana-
tion. If, for instance, a mercury salt is substituted for 
the foreign element, the effect is a decrease rather than 
an increase in the rate of reaction. To accelerate the 
above reaction in the manner just described, the metal 
must have a lower hydrogen overvoltage than zinc. This 
is true of copper and platinum.. Mercury, on the other 
hand, has a very high hydrogen overvoltage. For this 
reason metals are frequently amalgamated to protect them 
from direct attack by acids. 
It is also true t.ha t the primary cells in ordinary 
use would not be practical if the hydrogen overvoltage of 
zinc were not relatively high. 
No metal higher than hydrogen in the electromotive 
series, ignoring the effects of ion activities, could be 
deposited from an aqueous solution if it were not for 
hydrogen overvoltage. Hydrogen overvoltage thus makes 
7 
possible zinc and nickel plating and the electrorefining 
of iron. Furthermore, many other electrochemical oxida-
tions and reductions are made possible by hydrogen and 
oxygen overvoltages (13). 
Several th·eories, any one of which is equally use-
ful for explaining the observed facts, have been proposed 
to explain overvoltage. To go into a complete discussion 
of overvoltages is beyond the scope of this paper. For 
more complete discussions see Glasstone (8), Macinnes (13), 
Prutton and Maron (17), Cady (4). 
Since the decomposition potential of an electro-
lyte is a function of chemical polarization, concentra-
tion polarization, and overvoltage, and sin ce these 
factors for a particular metal are not the same for all 
salt solutions of the metal (but vary slightly with the 
nature of the co-ion), it was felt that an i nvestigation 
of the decomposition potentials of the sulfamates might 
yield some very valuable information. 
Various methods of determining the decompos i tion 
potential have been suggested but all of t hem may be said 
to follow the general plan presented here. The apparatus 
is set up according to Fi g . 1. In this diagram C is an 
electrolytic cell containing the elect~ lyte to be 
studied. p and P' are reversible ele·ctrodes of some 
noble metal such as platinum and Sis a stirrer. Connected 
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to the electrodes is an external source of direc t current 
B, through a variable r es istance R, and a milliammeter M 
for measuring the current passing through the circuit. By 
means of the variable resistance R, it is possible to vary 
the v0ltage applied to the cell, and this voltage i n turn 
can be measured by means of a voltmeter V inserted across 
the electrodes. By using a high resistance voltmeter, 
all of the current indicated by the milliammeter may be 
c0nsidered to pass through through the cell. 
p 5 p 
r 
\ Figure 1 
Decomposition .Potential Apparatus 
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To measure the decomposition potential a series of 
current-applied voltage readings is taken. At the start 
sufficient resistance is introduced at R to yield only a 
very small potential. After reading both the milliam-
meter and the voltmeter, some resistance is cut out at R, 
and another set of readings is taken. Cady (2) suggests 
varying tlie potential 0.2 volt until the region of the 
I 
8 -f - -
- I D 
1' 
/ I 
£ I It 
A p ,.1,c J Po t n t , q / £ 
Figure 2 
Typical Current-Applied Potential Curve 
decomposition is reached and then varyi~g the potential 
0.l volt until the decomposition potential is definitely 
passed. The increment of potential is then increased to 
10 
0.2 volts until an appreciable current is passing through 
the circuit and electrolysis proceeds freely. During 
this operation it will be found that up to the decomposi-
tion potential the current flowing will be very small 
even though the increase in voltage is appreciable. on 
the other hand, once the decomposition potential is ex-
ceeded, a ~narp increase in current for a small increase 
in applied voltage occurs. If the current readings are 
plotted against the corresponding applied potentials, the 
resulting curve is of the type shown in Fig. 2. 
Although they differ but slightly, there are several 
schools of thought as to the interpretation of the graph. 
The most widely known and used interpretations are of a 
quantitative nature, however Glasstone (7) and others 
have recently given it a qualitative interpretation. 
The appearance of current below the decomposition 
potential is due to the fact that the products of electro-
lysis deposited .on the electrodes do not remain there, but 
tend to diffuse slowly back into solution. In order to 
regenerate the material lost by this diffusion a small 
current must pass through the cell. As the diffusion 
proceeds continuously, current must be supplied contin-
uously. This accounts for the small but \ steady current 
observed below the decomposition potential AB (Fig. 2). 
Past B, however, the curve takes a sharp upward 
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turn, indicating that a small change in the applied 
potential is effective in increasing the current appreci-
ably. Farther along this branch of the curve , continuous 
electrolysis may be observed in the cell. Since t he 
branch AB lies below the decomposition potential while FC 
is above it, the potential at which decomposition sets i n 
must lie at the intersection of the two curves. One 
school of thought says that to find this point, extend 
lines .AB and CF until they intersect, as at D, and the 
potential at this intersection, E, is taken as the decom-
position potential of the electrolyte. An alternate pro-
cedure is to extend line CF until it intersects the zero 
current axis~ and the value of E at the point E2 is chosen 
as the potential at which continuous electrolysis becomes 
possible. The idea here being that, since Ohm's law is 
followed more or less closely by the branch CF, extension 
of this law to I= 0 should yield the decomposition 
potential even though there is some current flow bef ore 
this potential is attained. In this work, however, we 
have chosen to follow Glasstone (7) who believes that the 
nature of the current-applied potential curve in Fig. 2 
is such that D cannot be identified precisely. This is 
true because the portions of the curve AB and CF are not 
\ 
straight lines and cannot be extended as such. In any 
event the point Dis now believed not to have any exact 
12 
theoretical significance. 
The apparent decomposition potential is of interest, 
however, for it gives an approximate indication of the 
minimum emf which must be applied to a particular electro-
lyte, in the absence of depolarizers, in order that 
currents of appreciable magnitude shall be able to pass. 
It represents the sum total of the potentials which two 
electrodes must attain before the rates ot the respective 
ion discharge processes are appreciably greater than the 
reverse reactions. 
In order to explain certain irregularities to be 
encountered later, a brief discussion of paasivity must 
be included in this theory. The following discussion of 
passivity does not aim t o be more than an introduction 
to the vast literature dealing with this subject. 
A metal active in the electromotive series, or an 
alloy composed of such metals, is considered passive 
when its electrochemical behavior becomes t hat of an 
appreciably less active or noble metal (19). 
Most metals dissolve as anodes when a potential 
slightly more positive than the reversible value in a 
particular electrolyte is applied. Anodes of iron, 
cobalt, and nickel, however, exhibit a ~rked polari-
zation which can only be ascribed to an irreversibility 
in the io.1J.iZation process. In spite of the marked 
13 
polarization, an anode of one of these metals still 
dissolves according to the requirements of Faraday's laws. 
If the current density is increased, however, a point is 
reached at which the anode potential rises suddenly, and 
there is a corresponding decrease in the current. At the 
same time the anode practically ceases to dissolve, 
although its appearance is unchanged. The metal is then 
said to be in a passive state (10). This passivity has 
been thought of by Faraday (1836) and others as being a 
thin oxide coating. The reason that the anode appears 
unchanged is that many times these films are invisible. 
They are not visible on the surface of the metal because 
they are transparent and because they are too thin to 
yield interference colors (17). 
The general nature of the variations of current 





AB represents the change of current density with an in-
crease of anodic potential, when the electrode is active 
and is dissolving quantitatively. At B the electrode 
becomes passive and the current density decreases while 
the potential is increased to c. If the potential is 
further increased a new anodic process, generally oxygen 
evolution,, -eom.mences at D, after which considerable 
current can flow with little further polarization (DE). 
Along CE the anode has almost, but not entirely, ceased 
to dissolve. If the current is broken while the anode is 
passive, it returns slowly to the active condition on 
standing. By using the passive metal as a cathode in a 
cell or by touching it with the cathode while immersed in 
the electrolyte, and sop oducing short-circuited cells, 
the active state is rapidly regained. The attainment of 
passivity depends on the nature of the electrolyte (10). 
EXPERIMENTAL 
General 
The equipment used in the present investigation 
was arranged in a manner similar to the arrangement 
shown in Fig. l; however, as shown in Fig. 4, the 
15 
wiring was -slightly modified. In Fig. 4, C is an electro-
lytic cell containing the electrolyte to be studied. 
During the investigations two different types of cells 
were used. As will be indicated later, a Hittorf cell 
was used for some of the initial investigations with 
sulfruuic acid. For most of the investigations, however, 
a 250 ml. electrolytic beaker was employed. In either 
case the cell was placed i n a Sargent constant-temperat ure 
bath, Serial Number J-2457 with a deviation of less than 
t 0.01°0 and kept at 25°0. P and P' are reversible 
platinum electrodes, Central Scientific Company number 
81275 and Sis a Palo Myers, rheostatically adjusted, 
variable speed, mechanical stirrer, Serial Numb er 1566590 
used only with the electrolytic beaker cell. 
A 110-ampere-hour, lead storage battery Bis 
connected to the electrodes through a Cenco 1.1 amp., 
365-0hm slide wire resistance R, and a m\ter M for 
measuring the current passing through the circuit. The 
resistance R is connected in the circuit as a voltage 
16 
divider. The meter M was a General Electric microamm.eter, 
Serial Number NP- 101988D, for measuring small currents at 
the beginning of each determination, and a model 2~0 
Simpson meter, Serial Number 44731, set on the ten milli-
amp. scale for measuring subsequent larger currents. The 
leads from each meter were provided with alligator clamps 
so tbat the readings could be switched from one meter to 
the other without breaking the circuit. By means of the 
variable resistance R it is possible to vary the voltage 
to the cell, and this voltage in turn can be measured by 
a Welch n.c . voltmeter V, Serial Number 27694. 
· Figure 4 
Apparatus Used 
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In this investigation the increment of potential 
was kept constant at 0.1 volt and was begun at 0.1 volt. 
This made it possible to investigate the lower portion of 
the branch AB (Fig. 1). At the beginning of each deter-
mination the current was much too small to be investigated 
with a milliamrneter so a microammeter was employed. This 
uncovered snme startling results that might reasonably 
have been overlooked ·if the conventional method of invest-
igation had been followed. 
on all runs the readings were taken thirty seconds 
after the potential was varied. This was to give suffic-
ient time for the meter readings to become steady. The 
potential, once increased, was never allowed to decrease 
and care was taken to al ys remove the electrodes from 
the electrolyte before the circuit was broken. 
When once prepared all solutions were stored in 
a refrigerator to insure their stability. As an added 
precaution the solutions were checked for sulf a t es before 
each determination. 
sulfamic Acid 
As was indicated in the introduction, sulfamic 
acid was investigated first in order that all irregular-
\ 
ities in the procedure might be overcome while using an 
abundant reagent. It was hoped that by using a Hittorf 
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Cell it might be possible to get accurate decomposition 
potentials and at the same time, with but little addition-
al work, determine the transference numbers of the sulfa-
mates investigated if such numbers existed. This was 
found impractical, however, since the concentration polar-
ization was much too high in the absence of stirring and 
since, at small concentrations, the currents were too 
small to be measured accurately. The cell found to be the 
most efficient was the electrolytic beaker cell and will 
be referred to as the stirring method in subsequent work. 
The sulfamic acid was purified by recrystallizing 
it from hot water and washing it with 95 per cent alcohol. 
This acid was of sufficient purity to be used in standard-
ization; hence, a solutio of 1.000 N sulfamic acid was 
prepared. The decomposition potential was determined for 
three concentrations, l N, 0.1 N, and 0.01 N and it was 
found that the concentration had very little effect on -
the decomposition potential. Since Glasstone's interpre-
tation had been adopted all subsequent solutions were 
prepared by use of the trip balance instead of the ana-
lytical balance and, hence, the concentrations listed 
are only approximate concentrations. 
When steady electrolysis had begun \hydrogen was 
given off at the cathode and oxygen was given off at the 
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anode. At the termination of each trial the solution was 
analyzed qualitatively and no anions other than sulfama.te 
ions were present. Barium chloride was used to test for 
sulfates and sodium hydroxide was used to test for 
ammonia. From this it was concluded that the normal 
acid electrolysis occurred. The apparent decomposition 
potential mlttched up very well for the decomposition 
potential of other acids using smooth platinum electrodes. 
After all other determinations had been made, the 
electrodes were platinized and an attempt was made to 
determine the decomposition potent i al of sul f amic acid 
using platinized electrodes. All attempts met with 
failure, however, due to the very great polarization. 
This did not match up with theory since the reason for 
platinizing electrodes is to decrease polarization. No 
attempt will be made at this time to explain thi s 
phenomenon. 
The platinizing was effected by passing a direct 
current of six volts through a cell which contained a 
. solution of 3 g. of chloroplatinic acid and 0.02 g. of 
lead acetate in 100 ml. of water and in which the elec-
trodes were immersed. The current was reversed every 
half minute until an even, velvety, black \deposit of 
spongy platinum ,vas obtained. The electrodes were washed 
with distilled water and placed in a cell filled with 
20 
dilute sulfuric acid. A current was passed through the 
cell for thirty minutes with a reversal of current every 
minute to remove the occluded gases and liquid. The 
electrodes were then washed with distilled water and left 
to soak -for several hours in distilled water. Care was 
taken ne~er to let the electrodes become dry (14). 
21 
TABLE I 
DECOMPOSITION POTENTIAL DATA FOR 1 M SULFAMIC ACID 
TRI.AL A 
Method - Hittorf Cell Temperature= 25°c 
Electrodes - Smooth platinum. 
Potential Volts current 


















2.0 0.21 milliamps 
2.1 0.32 
2.2 0.40 




TABLE I (continued) 
DECOMPOSITION POTENTIAL DATA FOR 1 M SULFAivIIC ACID 
TRIAL A 
Potential volts Current 








Rem.arks: From about two volts on up the potential 
was very irregular. Many times it would decrease as much 
as 0.4 volt for no apparent reason. It would immediately 
recover, however. 
Hydrogen was evolved at the cathode and oxygen was 
evolved at the anode. No anions except sulfamate ions 


















TABLE I (cont inued) 
DECOMPOSITION POTENTIAL DATA FOR 1 M SULF.AMIC ACID 
TRI.AL B 
Method - stirring Temperature = 25°c 






























2 . 0 




















TABLE I (continued) 
DECOMPOSITION POTENTIAL DATA FOR 1 M SULFM,ITC ACID 
TRI.AL B 
Remarks: Hydrogen was evolved at the cathode and 
oxygen was evolved at the anode. No anions except sulfa-
mate ions were detected in the solution after trial. 
27 
TABLE II 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M SULFAMIC ACID 
TRIAL A 
Method - Hittorf Cell Temperature= 25°c 
Electrodes - Smooth platinum 























2.3 \ 117 .o 
2.4 148.0 
2.5 0.2 milliamps 
2.6 0.21 
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TABLE II (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M SULF.Alv1IC ACID 
TRI.AL A 
Potential volts Current 




Re.marks: Hydrogen was discharged at the cathode 
and oxygen was discharged at the anode. No anions other 
than sulfa.mate ions were present in ei ther the anolyte 
or t he catholyte. 
LO 
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TABLE II 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M SULFM1IC ACID 
TRIAL B 
Method - stirring 
0 
Temperature= 25 C 
Electrodes - Smooth platinum. 
Potential volts Current 

















1.82 0.2 mill i amps 










TABLE II (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M SULF.AMIC ACID 
TRIAL B 
Remarks: Hydrogen was discharged at the cathode 
and oxygen was discharged at the anode. The solution 
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DECOMPOSITION POTENTIAL DATA FOR 0.01 M SULFAMIC ACID 
TRI.AL A 
Method - llttorf Cell Temperature - 25°c 
Electrodes - Smooth platinwn 




























TABLE III (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.01 M SDLF.AMIC ACID 
TRIAL A 





Remarks: Data on this trial were not considered 
accurate because the current was too small to be properly 
interpreted. The maximum current was 55.5 microamps at 
3 volts. Since the microammeter used was gr a dua t ed in 
five microamps from Oto 150 microamps, many of t he read-
ings were mere estimations. 
Hydrogen was discharged at t he cathode and oxygen 
was discharged at the anode. No ions other than sulfama t e 
ions were present in either the anolyte or the catholyte . 
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TABLE III (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.01 M SULFAMIC ACID 
TRIAL B 
Method - stirring T t - 25
00 empera ure 
Electrodes - Smooth platinum 
Potential volts Current 
0.1 m.icroamps 
0.2 
0.3 1.0 · 
0.4 1.5 
0.5 2.0 o.6 2.4 
0.7 2.6 
0.8 2.8 














2. 3 l.55 




TABLE III (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.01 M SULFAMIC ACID 
TRIAL B 
Potential volts current 




Remarks: Hydrogen was discharged at the cathode 
and oxygen was discharged at the anode. The solution 
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Cadmium sulfamat e 
A solution of 0.1 M cadmium was prepared by weigh-
ing the dry salt on a trip balance and di ssolving it in 
distilled water in a 1000 ml. volumetric flask . By 
diluting solutions of 0.05 Mand 0.01 M were prepared. 
Solutions were not prepar ed stronger than 0.1 M because 
of a scarcity of the salt. This was not only true for 
cadmium sulfamate, but also true for all other metallic 
salts used in this investigation. 
The method of determina tion of the decomposition 
potential for cadmium sulfam.ate was the same a s previously 
outlined.- As the _potential was increased the current was 
very small at first and t hen started to rise. After a 
small increase in cur r ent, a leveling off occurred 
followed by another sharp increase in current . During the 
first small upward break in the curve (see Figs . 11-18) 
a yellow-brown anodic deposit forme d. The deposit was 
quite firm and even, and had luster. It was extremely thin 
as evidenced by the inter f ere nce colors produced. The 
deposit continued to form along the plateau on the curve 
but the formation of the deposit ceased at the beginning 
of the second sharp break in the curve. 
No attempt was made to analyze t h~ anodic deposit. 
The potential was increased to 4.5 volts and the current 
40 
was increased to 64 ma. for a period of one hour and 
forty-five minutes after which time the solution was 
tested. No anions other than sulfamate ions were detected 
in the solution. The cadmium deposit on the cathode was 
of poor grade and spalled off readily. 
TABLE IV 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M CADMIUM SULFAMATE 
TRIAL A 
Method - stirring t : 25°c Tempera ure 






















































TABLE IV (continued) 
DECO:MPOSITI ON POTENTIAL DATA FOR O .1 M CADMIUM SULFAMATE 
TRI.AL A 
Remarks: A poor grade of cadmium plate was 
deposited~~ the cathode. The deposit was very granular 
and flaked off easily. 
A yellow-brown deposit was noted at the anode. 
The deposit was very even and had luster. Oxygen was 
evolved at the anode. 
The solution apparently contained no anions except 
sulfamate ions and was acid to litmus. 
More than thirty seconds were allowed between 
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TABLE IV {continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M CADMIUM SULFAMATE 
TRIAL B 
Method - ~tirring t = 25°0 Tempera ure 
Electrodes - Smooth platinum 
















1.6 149 ~0 






2.3 \ 1.98 2.4 2.85 
2.5 4.2 
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TABLE IV (continued) 
DECOMJ?OSITION POTENTIAL DATA FOR 0.1 M CADMIUM SULFAMATE 
TRIAL B 
Remarks: A poor grade of cadmium. plate was 
deposited on the cathode. The deposit was very granular 
and flaked off easily. 
A yellow-brown deposit was noted at the anode. 
The deposit was very even and had luster. oxygen was 
evolved at the anode. 
The solution apparently contained no anions except 
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TABLE IV (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M CADMIUM SULF.AMATE 
TRIAL C 
Method - s~irring Temperature= 25°0 
Electrodes - Smooth platinum 
Potential volts current 
0.1 microam:ps 
0.2 1.0 















1.8 0.2 milliamps 
1.9 0.21 
2 . 0 0. 22 
2. 1 0.35 
2. 2 0 . 82 
2 • .3 \ 1.75 
2. 4 2. 88 
2.5 4 . 1 
2. 7 6. 6 
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T.ABL~ I tcontinued) 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M CADMIUM SULFAMATE 
TRIAL C 
Remarks: A poor grade of cadmium plate was 
deposited on the cathode. The deposit was very granular 
and flaked off easily. 
A yellow-brown deposit was noted at the anode. 
The deposit was very even and had luster. Oxygen was 
evolved at the anode. 
The solution apparently contained no anions except 
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TABLE IV (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M CADMIUM SULFA.MATE 
TRIAL D 
Method - s~rring Temperature: 25°c 
Electrodes - Smooth platinum 



























TABLE IV (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M CADMIUM SULFAMATE 
TRIAL D 
Potential volts Current 
2.9 8.0 
Re.marks: A poor grade of cadmium plate was 
deposited on the cathode. The deposit was very granular 
and flaked off easily. 
A yellow-brown deposit was noted at the anode. 
The deposit was very even and had luster. Oxygen was 
evolved at the anode. 
The solution apparently contained no anions except 
sulfamate ions and was acid to litmus. 
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DECOMPOSITION POTENTIAL DATA FOR 0.05 M CADMIUM SULFA.MATE 
TRI.AL A 
Method - s~Jrring Temperature= 2560 
Electrodes - Smooth platinum 




























TABLE V (continued) 






Remarks: A poor grade of cadmium plate was 
deposited on t he cathode. The deposit was very granular 
and flaked off easily. 
A yellow-brown deposit was noted at t he ano de. 
The deposit was very even and had luster. Oxygen was 
evolved at the anode. 
The solution apparently contained no anions except 
sulfamate ions and was acid to litmus. 
;ure 15 
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TABLE V {continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.05 M CADMIUM SOLF.AMATE 
TRIAL B 
Me thod-sti:~ring T t = 25°0 empera ure 
Electrodes - Smooth platinum 




0 . 4 2.0 
0.5 3.0 













1.9 0.18 milliam.ps 
2.0 0.2 
2.1 0.2 
2.2 0. 4 
2.3 \ 
o.8 
2. 4 1.4 
2. 5 1.85 
2 . 7 3.1 
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TABLE V (continued} 
DECOMPOSITION POTENTIAL DATA FOR 0.05 M CADMIUM SULFAMATE 
TRIAL B 
Potential volts Current 
2.9 4.2 
Remarks: A poor grade of cadmium. plate was 
deposited on the cathode. The deposit was very granular 
and flaked off easily. 
A yellow-brown deposit was noted at the anode. 
The deposit was very even and had luster. Oxygen was 
evolved at the anode. 
The solution apparently contained no anions except 
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TABLE VI 
DECOMPOSITION POTENTIAL DATA FOR 0.01 M CADMIUM SULF.Al\1ATE 
TRIAL A 
Method - stirring Temperature= 25°0 
Electrodes - Smooth platinum 





0.5 5.0 o.6 7.0 












2.02 0.16 milliamps 
2.1 0.18 
2.2 0.22 





TABLE VI (continued) 






Remarks: A poor grade of cadmium plate was 
deposited on the cathode. The deposit was very granular 
and flaked off easily. 
A yellow-brown deposit was noted at the anode. 
The deposit was very even and had luster. Oxygen was 
evolved at the anode. 
The solution apparently contained no anions except 
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TABLE VI ( cont1nued) 
DECOMPOSITION POTENTI AL DATA FOR 0.01 M CADMIUM SULFAMATE 
TRI.ALB 
Method - stirring Temperature• 25°0 
Electrodes - Smooth platinum 













1.3 28. 0 














TABLE VI (continued} 
DECOMPOSITION POTENTIAL DATA FOR 0.01 M CADMIIDi1 SULFAMATE 
TRI.ALB 
Potential volts Current 
3.0 2.85 
Remarks: A poor grade of cadmium plate was 
deposited on the cathode. The deposit was very granular 
and flaked off easily. 
A yellow-brown deposit was noted at the anode. 
The deposit was very even and had luster. Oxygen was 
evolved at the anode. 
The solution apparently contained no anions except 
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The cobalt sulfamate solutions were prepared in 
the same manner as the cadmium sulfamate solutions and 
the decomposition potential was determined in the manner 
previously described. The current-applied potential 
curves were very similar to the curves for cadmium sulfa-
mate except the plateau was extended to an actual depres-
sion. A dark anodic deposit began to form at the first 
upward break in the curves (see Figs. 19-25) and continued 
to form until the second sharp upward break. The deposit 
was quite thin as evidenced by the interference colors 
formed. During the second sharp rise in current, cobalt 
was plated on the cathode but there was no evidence of 
oxygen being given off at the anode. A test of the solu-
tion revealed no anions except sulfamate ions. 
Quite an extensive study was made of the anodic 
deposit. To obtain a heavy deposit, a potential of 1.7 
volts was maintained between the electrodes for four 
hours. The deposit was found to dissolve in concentrated 
hydrochloric acid, hot nitric acid, and a 1% solution 
of benzidine in 50% acetic acid. The deposit turned the 
benzidine solution bluish-green. After the solution had 
stood for about ten minutes, it became r~se colored. The 
rose colored solution gave a test for cobalt when tested 
66 
with potassium thiocyanate and amyl alcohol. The solu-
tion gave no test for sulfate, ammonia, or persulfate; 
hence, it was concluded that the anodic deposit must have 
been a cobalt oxide or cobalt peroxide. Because of the 
bluish-green color formed when first dissolving the depos-
it in the benzidine solution, the deposit is believed to 
be cobalt ~peroxide. The significance of these findings 
will be discussed further in a later section. The second 
break in the current-applied voltage curve gave an 




DECOMPOSITION POTENTIAL DATA FOR 0.1 M COBALT SULF.AMATE 
TRIAL A 
Method - stirring 
0 
Temperature= 25 C 
Electrodes - Smooth platinum. 






















2.2 \ 2.95 2.3 4. 2 
2.4 5.38 
2.5 6.58 
TABLE VII (continued} 
DECO:MPOSITION POTENTIAL DATA FOR 0.1 M COBALT SULFATuIATE 
TRIAL A 
Remarks: Cobalt was .plated on the cathode. A 
very dark, smooth, regular anodic deposit was formed. 
Qualitatively the solution appeared unchanged. 
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TABLE VII (continued} 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M COBALT SULFAMATE 
TRIAL B 
Method - stirring Temperature= 25°c 
Electrodes - Smooth platinum 























2.3 \ * 
*Determination discontinued due to voltage and current 
fluctuations. 
TABLE VII (continued) 
DECOMPOSITION POTEJ.iITIA.L DATA FOR 0.1 M COBALT SULF.A!\iATE 
TRIAL B 
Remarks: Cobalt was plated on the cathode. A 
very dark, smooth, regular anodic deposit was formed. 
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DECOMPOSITION POTENTIAL DATA FOR 0.05 M COBALT SULFAM.ATE 
TRI.AL .A 
Method - ~tirring t = 25°0 Tempera ure 
Electrodes - Smooth platinum 























2.3 \ 1.63 
2. 4 2.20 
2.5 2.7 
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TABLE VIII (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.05 M COBALT SULFAIMTE 
TRIAL A 
Rema~ks: Cobalt was plated on the cathode. A 
very dark, smooth, regular anodic deposit was formed. 
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TABLE VIII (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.05 M COBALT SULFAMATE 
TRIAL B 
Method ~~irring Temperature= 25°c 
Electrodes - Smooth platinum 














1.4 0.2 milliamps 








2.3 \ 1.6 2.4 2.0 
2.5 2. 42 
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TABLE VIII (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.05 M COBALT SULFAMATE 
TRI.AL B 
Remarks: Cobalt was plated on the cathode. A 
very dark, smooth, regular anodic deposit was formed. 
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DECOMPOSITION POTENTIAL DATA FOR 0.01 M COBALT SULF.AMATE 
TRIAL A 
Method - stirring T t -- 25°0 e.mpera ure 
Electrodes - Smooth platinum 















1.6 0.18 milliamps 
1.7 125.0 microamps 
1.8 135.0 
1.9 148.0 
2.0 0.28 milliamps 
2.1 o. 45 
2.2 0.7 
2.3 1.0 
2. 4 \ 1.3 
2.5 1.6 
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TABLE IX (continued) 
DECOMPOSITION POll-"'NTI.AL DATA FOR 0.01 M COBALT SULFAMATE 
TRIAL A 
Remarks: Cobalt was plated on the cathode. A 
very dark, smooth, regular anodic deposit was formed. 
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2 . 5 2 . i 
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TABLE IX (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.01 M COBALT SULFAMATE 
TRIAL B 
Method - stirring t = 25°0 Tempera ure 
Electrodes - Smooth platinum 




















2.0 0.22 milliamps 
2.1 0.4 
2.2 o.6 
2.3 \ 0.8 2.4 1.0 
2.5 1.23 
83 
TABLE IX (continued) 
DECOMPOSITION POTENTI AL DATA FOR 0.01 M COBALT SULF.AMATE 
TRIAL B 
Remarks: Cobalt was plated on the cathode. A 
very dark, smooth, regular anodic deposit was formed. 
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Solutions of copper sulfamate were prepared in 
the same manner and concentrations as the solutions of 
cadmium sulfamate. The apparent decomposition potentials 
were determined in the manner already described. The 
current-applied potential curves (see Figs. 26-32) 
conformed quite well to the theoretical curve pictured 
in Fig. 2. The apparent decomposition potential of 
copper sulfam.ate was somewhat lower than the correspond-
ing value for copper sulfate. 
It should be of interest to note that copper 
sulfamate formed a solution that was acid to litmus 
whereas each of the other metallic sulfamates studied 
formed neutral solutions before electrolysis. It is 
also of interest to note that copper is a metal that is 
not readily subject to passivity. 
After electrolysis bad begun, copper was deposited 
on the cathode and oxygen was evolved at t he cathode. At 
the end of the determinations the solutions apparently 
contained no anions except sulfamate ions. 
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TABLE X 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M COPPER SULFAMATE 
TRIAL A 
Method - stirring Temperature• 25°0 















































TABLE X (continued) 
DECOMPOSITION POTENTIAL DATA F OR 0.1 M COPPER SULFA.MATE 
TRIAL A 
Re.marks: Copper was deposited on t he cathode and 
oxygen was released at the anode. No anions other than 
sulfamate ions were detected in the solution. 
'"' I 
• 5 ' 
.o 
vu..L· .L·outJ-RJJ .J:J.1..LtlU ru l>en 1,1.a J. vurve ru r v. J. 1v1 vu y JJtH" ,::,u.i.J. Q.I.JJa 1,0 
Trial A 
+ ' 
0.5 1 1.5 2 2.5 2.8 
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TABLE X (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M COPPER SULF.AlvIATE 
TRIAL B 
Method - stirring Temperature= 25°0 



















































TABLE X {continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M COPPER SULFAMATE 
TRIAL B 
Remarks: Copper was deposited at the cathode and 
oxygen was discharged at the anode. No anions except 
sulfamate ions were detected in the solution. 
.o Trial B 
.• 5 
.• 0 
l++++-'>+++-H+H>++++++H-++H -+++-t++f-++·1-+++Hf-H-t+++H-++>++++++-'-<-t-+-t+++H-+-i-t-l T 
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DECOMPOSITION POTENTIAL DATA FOR 0.05 M COPPER SULFAMATE 
TRIAL A 
Method - stirring Temperature= 25°0 
Electrodes - Smooth platinum 
Potential volts Current 























2.4 \ 4.85 2.5 5.3 
2.7 6.5 
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TABLE XI (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.05 M COPPER SULFAMA.TE 
TRIAL A 
Remarks: Copper was deposited at the cathode and 
oxygen was discharged at the anode. No anions except 
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TABLE XI (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.05 M COPPER SULFAMA'I'E 
TRIAL B 
Method - stirring t : 25°c Tempera ure 
Electrodes - smooth platinum 
Potential volts Current 




























TABLE XI (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.05 M COPPER SULFAMATE 
TRIAL B 
Remarks: Copper was deposited on the cathode and 
oxygen was discharged at the anode. No anions except 
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DECOMPOSITION POTENTIAL DAT.A FOR 0.01 M COPPER SULFAMATE 
TRIAL A 
Method~ stirring t = 25°0 Tempera ure 
Electrodes - smooth platinum. 














1.4 0.25 milliamps 













TABLE XII (continued) 





4,. 55 .milliamps 
Remarks: Copper was deposited on the ca thode and 
oxygen was discharged at the anode. No anions except 
sulfamate ions were detected in the solution. 
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TABLE XII (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.01 M COPPER SULF.AN.l.ATE 
TRIAL B 
Method - stirring Temperature= 25°c 
Electrodes - Smooth platinum 



























T.ABLE XII ( continued) 
DECOMPOSI'11ION POTENTIAL DATA FOR O. 01 M COPPER SULFAMATE 
TRIAL B 
Potential volts Current 
2.9 3.78 milliamps 
Remarks: Copper was deposited on the cathode and 
oxygen was discharged at the anode. No anions except 
sulfamate ions were detected in the solution. 
- -- ---- - --rr- - ---- ----
2 .r Trial B 
1.5 
.. 1.0 




0 0.5 l 1 . 5 ~otential (volts ) 
2 2.5 2 . 8 
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Nickel Sulfamate 
The nickel sulfamate solutions were prepared in 
the same manner and concentrations as the previous salts 
and the same method of determining the decomposition 
potentials was employed. The current-applied potential 
curves (see Figs. 33-38) are quite similar to those of ~-· 
cobalt sulfarnate but their interpretation is somewhat 
diff erent. If an anodic deposit was formed, it was invis-
ible and could not be detected, although its existence 
was strongly suspected. Wha t happened during the depres-
sion of the curve is not known. 
After t he current had again increased, a green 
deposit was formed at the cathode. In order to determine 
the nature of the green deposit, a potential of 4.75 volts 
was maintained between the electrodes for one hour and 
thirty minutes. During this time hydrogen was evolved at 
the cathode and oxygen was evolved at the anode. A heavy 
green deposit was formed on the cathode that flaked off 
when dried. Under the deposit was a thin poor grade 
deposit of nickel. When t he nickel was deposited is not 
known. The green deposit was slightly soluble in water 
and gave tests for sulfate, ammonia, and nickel. From 
its color, its solubility, and its comp~sition the salt 
was assumed to be nickel ammonium sulfate. No explanation 
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will be attempted here as to how or why the nickel 
ammonium sulfate formed at the cathode, but the results 
were reproducible. 
The solution at the end of an hour and a half was 
acid to litmus and gave extremely faint tests for sulfates. 
The sulfates could have been due to dissolved nickel 
ammonium. s ulfates. At the end of each determination of 
decomposition potentials, the solution was neutral to 





DECOMPOSITION POTENTIAL DATA FOR 0.1 M NICKEL SULF.AMATE 
TRIAL A 
Method - stirring Temperature= 25°0 
Electrodes - Smooth platinum 
























2.4 \ 2.43 
2.5 3.4 
2.6 4. 37 
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TABLE XIII (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M NICKEL SULFAMATE 
TRI,AL A 
Remarks: A thin, poor grade nickel plate covered 
by a heavy deposit of nickel ammonium sulfate was noted 
on the cathode. Oxygen was given off at the anode and 
hydrogen was given off at the cathode. No anodic deposit 
was noted. 
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TABLE XIII (continued) 
DECO:MPOSITION POTENTIAL DATA FOR 0.1 M NICKEL SULF.AMATE 
TRIAL B 
Method - stirring Temperature= 25°0 





































1 25. 0 
microarnps 
0.2 milliamps 












TABLE XIII (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M NICKEL SULFAMATE 
TRIAL B 
Remarks: A thin, poor grade nickel plate covered 
by a heavy deposit of nickel ammonium sulfate was noted 
on the cathode. Oxygen was given off at t he anode and 
hydrogen was given off at the cathode. No anodic deposit 
was noted. 
No anions except sulfamate ions were detected in 
the solution. 
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TABLE XIII (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M NICKEL SULFA.MATE 
TRIAL C 
Method - stirring Temperature• 25°0 
Electrodes Smooth platinwn 















1.5 0.2 milli amps 












TABLE XIII (continued) 






Remarks: A thin, poor grade nickel plate covered 
by a heavy deposit of nickel ammonium sulfate was noted 
on the cathode. Oxygen was given off at t he anode and 
hydrogen was given off at the cathode. No anodic depos i t 
was noted. 
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TABLE XIII (continued} 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M NICKEL SULFA.MATE 
TRIAL D 
Method - stirring Temperature= 25°c 
Electrodes - smooth platinwn 





0.5 5.0 o.6 8.0 




















TABLE XIII (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.1 M NICKEL SULFAMATE 
TRIAL D 
Remarks: A thin, poor grade nickel plate covered 
by a heavy deposit of nickel ammonium sulfate was noted 
on the cathode. Oxygen was given off at the anode and 
hydrogen was given off at the cathode. No anodic deposit 
was noted. 
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TABLE XIV 
DECOMPOSITION POTENTIAL DATA FOR 0.05 M NICKEL SULFAMATE 
TRIAL A 
Method - stirring Temperature= 25°c 
Electrodes - Smooth platinum. 



























TABLE XIV (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.05 M NICKEL SULFAMATE 
TRIAL A 
Potential volts current 
2;8 1.42 milliamps 
3.0 2.2 
Remarks: A thin, poor grade nickel plate covered 
by a heavy deposit of nickel ammonium sulfate was noted 
on the cathode. Oxygen was given off at the anode and 
hydrogen was given off at the cathode. No anodic deposit 
was noted. 
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TABLE XIV (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.05 M NICKEL SULF.AMATE 
TRIAL B 
Method - stirring Temperature= 25°c 
Electrodes - Smooth platinum 














1.5 141. 0 







2.3 o. 43 
2. 4 \ 
0.59 
2.5 0.7 
2. 6 0.82 
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TABLE XIV (continued) 
DECOMPOSITION POTENTIAL DATA FOR O. 05 M NICKEL SULFAMATE 
TRIAL B 
. . . ' 
Potential volts Current 
2.8 1.3 
3.0 1.9 
Remarks: A thin, poor grade nickel plate covered 
by a heavy deposit of nickel ammonium sulfate was noted 
on the cathode. oxygen was given off at the anode and 
hydrogen was given off at the cathode. No anodic deposit 
was noted. 
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TABLE rl 
DECOMPOSITION POTENTIAL DATA FOR 0.01 M NICKEL SULFAMATE 
TRIAL A 
Method stirring Temperature= 25°c 
Electrodes - Smooth platinum 






















2.2 0. 40 
2.3 0.58 
2.4 0.70 
\ 0.90 2.5 
2.7 1.2 
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TABLE XV (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.01 M NICKEL SULF.AMATE 
~llLA 




Re.marks: A thin, poor grade nickel plate covered 
by a heavy deposit of nickel ammonium. sulfate was noted 
on the cathode. Oxygen was given off at the anode and 
hydrogen was given off at the cathode. No anodic deposit 
was noted. 
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TABLE X:V (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.01 M NICKEL SULFAMATE 
TRIAL B 
Method - stirring Temperature= 25°0 


















































TABLE XV (continued) 
DECOMPOSITION POTENTIAL DATA FOR 0.01 M NICKEL SULF.AMATE 
IBliLB 




Remarks: A thin, poor grade nickel plate covered 
by a heavy deposit of nickel ammonium sulfate was noted 
on the cathode. Oxygen was given off at the anode and 
hydrogen was given off at the cathode. No anodic deposit 
was noted. 
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In determining the decomposition potential of sulf-
arnic acid and of copper sulfarnate, the current-applied 
potential curves followed convention. The apparent decom-
position potential of sulfarnic acid was the same as that 
of other acids, while copper sulfarnate gave a somewhat 
lower apparent decomposition potential t han the corres-
ponding sulfate. 
Cadmium sulfamate and cobalt sulfamate seem to form 
passive anodic reactions before rea ching their respective 
decomposition potentials. This is a rather startling 
statement in view of the fact that platinum was used as 
electrode in this investigation. It will be recalled that 
passivity was defined as an active metal becomi ng less 
active. It dealt with t he formation of a protective film, 
usually an oxide, over the surface of the anode t o prevent 
its solution on electrolysis. According to Miley (15), 
Prutton, Turnbull, and Dlouhy (18) and others thi s protec-
tive film is formed when the metal ions migrate outward 
from t he anode and the anions mi grate toward it. They 
unite forming a "latticework" of protective film. 
The conditions of this investigation were not the 
same as t h ose for passivity, but the results were the 
same. A coating of a metal oxide or peroxide was formed 
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over the anode causing a curve similar to the one produced 
by passivity (Fig . 3). It would not be correct, perhaps, 
to say that the platinum became less active; hence, the 
theories of passivity might need revision to include the 
present phenomenon. Cobalt shows greater passivity than 
cadmium. At any rate, after this region on the curve has 
been passed, the solutions show similar apparent decomposi-
tion potentials, although slightly lower, to the decomposi-
tion potentials of the corresponding sulfate solutions. 
It is possible that there is also a passive 
reaction at the anode in the nickel solution although there 
was no evidence of the protective film other than the 
irregularity in the current-voltage curve. As stated 
before no attempt will be made to explain the formation 
of the nickel ammonium sulfate at the cathode. 
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